581 purification experiments were severely hampered by the lability of the enzyme.
The Fractionation of Urine Colloids on Anion-Exchange Cellulose Urine contains a complex mixture of highmolecular-weight material, some components of which may be derived from the serum through a process of glomerular filtration or secretion and some of which may be derived from the urinary tract itself. Information about the nature of the urine colloids, however, has lagged considerably behind the knowledge of those in serum. Three main classes of high-molecular-weight compounds in urine have been recognized: proteins, glycoproteins and mucopolysaccharides. The presence of protein in urine was recognized as early as 1895 by M6erner and urine proteins have since been studied extensively by many workers, particularly Rigas & Heller (1951) and McGarry, Schon & Rose (1955) . The variation in the amount of heat-coagulable protein in urine with several diseases, particularly the nephrotic syndrome, is well known (Heremans, 1958) .
The term 'glycoprotein' is used to indicate components containing appreciable amounts of hexosamine, which can be liberated only after vigorous hydrolysis. Glycoproteins generally also contain hexose and sialic acid, with little or no uronic acids. Urinary fractions presumed to contain glycoproteins have been studied by Boyce, , and . One normal urinary glycoprotein, first described by Tamm & Horsfall (1950) , has been extensively characterized with respect to its composition and physical properties (Tamm & Horsfall, 1952; Tamm, Bugher & Horsfall, 1955; Porter & Taxmn, 1955) . Anderson (1954) has reported the isolation of two heterogeneous glycoprotein fractions from normal urine. Application of a method for estimating one of these fractions showed considerable variation from normal in a number of diseases (Lockey, Anderson & Maclagan, 1956 ). This fraction was found to pospess a wide range of biological properties, including antitryptic, gonadotrophic, amylase and vitamin B12-binding activities, and to be a potent inhibitor of viral haemagglutination (Anderson, Lockey & Maclagan, 1955) . In addition, the presence of urokinase and uropepsinogen activities has been observed (Kickhofen, Struwe, Bramesfeld & Westphal, 1958) in this fraction. The fact that similar biological properties have been reported for serum glycoprotein fractions suggests that some of the urine glycoproteins may be derived from serum.
Mucopolysaccharides, such as chondroitin sulphate, also occur in urine. These may occur free of protein or may exist as mucopolysaccharideprotein complexes similar to those observed in cartilage by Shatton & Schubert (1954) . There have been several reports of the presence of these colloids in normal urine (Rich & DiFerrante, 1956; DiFerrante & Rich, 1956; Jacques, Bapke & Levy, 1953; Kerby, 1954) , and of their elevated levels in several diseases (Craddock & Kerby, 1955) .
Several reports are available on the nature and amount of the total colloids both in normal urine and various pathological conditions (Hammerman & Hatch, 1955; King et al. 1958; Maclagan & Anderson, 1958a; Bj6rnesjo, Werner & Odin, 1959) . Electrophoretic and chemical studies have been carried out on several heterogeneous urinecolloid fractions obtained after salt-fractionation procedures (Boyce, Garvey & Norfleet, 1954; Boyce et al. 1958; Boyce & Swanson, 1955; King et al. 1958; King, Little, Boyce & Artom, 1959) . It is likely that a more complete fractionation and characterization of the highmolecular-weight components in urine will be followed by valuable information about their source, physiological significance and clinical importance.
This paper describes the fractionation of nonultrafiltrable, non-dialysable urine components on cellulose ion-exchange columns and a study of some of the chemical and physical properties of some of the fractions so separated. An investigation of the ability of these fractions to bind calcium is also included, together with the calciumbinding ability of the colloids in complete 24 hr. specimens of both normal and pathological urines.
METHODS
The methods used in these studies included the following. Urine glycoproteins: Boyce et al. (1954) , , King et al. (1958 King et al. ( , 1959 and others. The differences in the composition of fractions A and B may in part be due to molecular size, with relatively more of fraction B being in the interstices of the collodion membrane, and in part to the solubility properties, fraction B being dissolved in 0-1N-NaOH and fraction A in the starting buffer at pH 9-0. For subsequent fractionation the non-dialysable residues A and B were combined.
Fractionation of the urine colloids. The procedure developed by Sober, Cutter, Wyckoff & Peterson (1956) was employed, the anion-exchange cellulose adsorbent diethylaminoethylcellulose (DEAE-cellulose) being used.
DEAE-cellulose (80-140 mesh, 0-71 m-equiv. of ionizing groups/g., obtained from Brown Co., Berlin, New Hampshire, U.S.A.) was washed successively with N-NaOH, N-HCI and N-NaOH, filtration under suction being used each time. After washing to neutrality with water, it was then washed with the starting buffer described in Table 2 . The exchanger was then poured as a slurry into a glass tube (length 42 cm., diam. 2-8 cm.), the lower end of which contained a layer of glass wool supported on a coarse metal grid. After the cellulose had settled by gravity the column was further compacted by application of air pressure at 5 lb./in." By this means, 40-50 g. of cellulose exchanger formed a packed column 35-40 cm. high. Several litres of the starting buffer were then passed through the column. The flow rates under gravity and under air pressure of 5 lb./in.2 were 0-74 and 3-3 ml.fmin. respectively.
Urine colloids (1-3 g.) were suspended in about 25 ml. of starting buffer, and the mixture was stirred continuously for 18 hr. at 4°. Insoluble material was centrifuged off and resuspended in fresh buffer, stirring as before, this process being repeated three times. The combined supernatant fluids contained 70% of the total non-dialysable residue. This solution was then applied to the top of the column and allowed to enter under gravity, and was washed in with about 20 ml. of starting buffer.
A pH and ionic-strength gradient was then applied to the column, the Varigrad mixing device developed by being used. This consisted of nine cylinders (designated 1-9) each 7-5 cm. in diam. and 13 cm. high. These were connected at their bases in series, the outlet from cylinder 1 leading to the top of the cellulose column via a pumping device through which the eluting buffers were supplied. Cylinders 1-9 contained buffers of decreasing pH and increasing ionic strength.
A 2-amino-2-hydroxymethylpropane-1:3-diol (tris)-citrate buffer system was devised, for use with the Varigrad apparatus, which would deliver buffer to the cellulose column at a continuous pH descent from 9 to 3, accompanied by an increasing ionic strength. The compositions of the starting buffer, limit buffer and the Varigrad mix. tures are shown in Table 2 . After about 31. had passed through the column, three further eluting solutions were used (buffers 2-4), the final effluent emerging at a pH of 1-5. [Buffer 2 (pH 2.25): tris, 30-54 g.; citric acid, 205-0 g.; sodium chloride, 5-85 g.; water, 750 ml. Buffer 3 (pH 1.46): citric acid, 210-14 g.; water, 1000 ml. Buffer 4 (pH 1-41): citric acid, 210-14 g.; sodium chloride, 58-5 g.; water, 1000 ml.] At pH values below 2-0 considerable retraction of the cellulose occurred, necessitating a gradually increasing air pressure up to a maximum of 80 lb./in.2 in order to maintain a conveniently rapid rate of flow. The effluent was collected in individual volumes of 10 ml., with a fraction collector, the total volume being about 41. The complete chromatographic separation was accomplished in 24-30 hr.
The fractions from the column were examined in a Beckman spectrophotometer at 280 m,u. The fractions comprising the various peaks were then combined, filtered, dialysed against running distilled water at 40 for 3 days and were freeze-dried.
RESULTS
Normal urine Fig. 1 shows a chromatogram of the urine colloids from 13-3 1. of pooled normal male urine (1860 mg.), isolated as described above. A number of poorly resolved peaks are evident. (Fig. 1 ). Both these procedures depend primarily on the presence of aromatic amino acids. Protein percentages calculated from the total nitrogen values, however, were consistently higher, particularly for fractions 10, 14 and 15, indicating that these fractions were probably deficient in aromatic amino acids. It would therefore appear that protein percentages calculated from the total nitrogen figures are a more reliable index of true protein content. Each of the fractions showed the presence of considerable amounts of carbohydrate. Fractions 1, 2 and 9 were characterized by being especially rich in fucose, fractions 9, and 12-15 in hexuronic acid and 6, 9-10 in sialic acid.
Although the hexose: hexosamine: sialic acid ratios of fractions 1-8 varied somewhat, in general they approximated more closely to those that have been reported for the serum proteins (Winzler, 1955; Sonnet, 1956; Laurent, 1958) than did the corresponding ratios for fractions 9-15. The higher proportions of hexuronic acid in the later fractions indicated an elution of acid mucopolysaccharides. Non-dialysable calcium was associated with all fractions but especially in the later fractions, with the exception offraction 12. Fractions 9, 10 and 11, showing little absorption at 280 m,u, contained 62% of the calcium eluted from the column. All of the fractions obtained were obviously extremely heterogeneous. This is evident in Fig. 2 , which shows the results from paper electrophoresis of fractions 1-8 at pH 8-6 and 4-6.
At pH 8*6 these fractions showed a gradual increase in electrophoretic mobility, predictable from their behaviour on the ion-exchanger, protein eluting first having the lowest negative charge. Fractions 1-8 gave an intense stain with bromophenol blue, whereas fractions 9-15 stained feebly. Fractions 9-12 had mobilities mainly of a-and ,Bglobulins whereas fractions 13 and 15 were immobile.
At pH 4-6 increasing amounts of negatively charged material staining with bromophenol blue were present in fractions 1-8. Of the feebly staining fractions 9-15, fraction 12 had negatively charged material which migrated considerably further than human-serum orosomucoid, indicating the presence in urine of colloids which so far have not been reported present in serum. Tasmm & Horsfall (1950 by Faillard (1956) and by among others. The urine fractions from the DEAEcellulose column were therefore examined for their abilities to inhibit viral haemagglutination. The dialysed effluents from the column before freezedrying were used, the colloid concentrations present being listed in Table 3 (column 3). The last column of Table 3 shows the specific activities of the various fractions. The distribution clearly indicates the presence of several areas of activity with the highest specific activities found in fractions 6 and 12. These fractions had activities comparable with that of the glycoprotein isolated by Tamm & Horsfall (1950) .
Antigenic components. Antibodies prepared in chickens to the uromucoid of Boyce & Swanson (1955) , and tested by the method of Goodman et al. (1957) , were found to react strongly with fractions 4-8 and also with 12 and 15. This suggests that the uromucoid fraction is quite heterogeneous or that the processes of fractionation resulted in a separation into degraded products or both.
Fractions 6-8, particularly the last, reacted with antisera prepared in chickens to human-serum albumin and human-serum orosomucoid, which indicated that these fractions contained these serum proteins.
Immunoelectrophoretic analyses showed the presence of one or more arcs when fractions 2-8 from pathological urine II (see below) reacted with anti-human serum. Other fractions had no arcs or very weak ones. This evidence again suggests that fractions 2-8 contain some of the proteins derived from serum.
Pathological iusrne I Urine from a patient who was severely paralysed with poliomyelitis and forming bilateral renal calculi was studied. There was no evidence of proteinuria by the heat and acetic acid methods.
Significant bacteriuria with a mixture of Escherichia coli, Proteus mirabilis and enterococci was present.
A volume (14.41.) of the urine was treated as described previously. The yield of colloids soluble in the starting buffer placed on the column was 2550 mg. (177 mg./l.). These colloids were fractionated on a freshly prepared DEAE-cellulose column under the same conditions as were used for the normal urine. The chromatogram obtained is shown in Fig. 3 . The distribution of components was rather similar to that shown in Fig. 1 for normal urine, but the proportions in the different peaks were somewhat different.
The analytical results for the fractions are presented in Table 4 . The ratios of hexose :hexosamine: sialic acid were considerably different from those for normal urine, primarily as a result of lower sialic acid and hexosamine contents and a higher hexose content. Fucose content was also below the values found in the normal urine.
As with the normal fractions, increased amounts of acid mucopolysaccharide were eluted from the Vsoln;liim _ column at higher ionic strengths and lower pH values; 48% of the total non-dializable calcium was located in fractions 9, 10 and 11. Fig. 4 shows the results obtained by paper electrophoresis of these fractions at pH 8-6 and 4-6. Electrophoretic mobilities and staining properties were rather similar to those obtained for the normal urine fractions. At pH 4-6, however, less negatively charged material was present, indicating a lower acid glycoprotein content than in normal urine. This conclusion is in accord with the lower sialic acid values shown in the analytical figures in Table 4 .
Reactions against antibodies to human-serum albumin were positive for fractions 6, 7 and 8 only.
Reactions with anti-orosomucoid serum were positive for fractions 6 and 7, as was the case for the fractions from normal urine. In addition a strong reaction was given by fraction 4.
Pathological urine II This urine was from a patient severely paralysed by poliomyelitis but who at the time of urine collection had never formed stones. No clinical proteinuria was present, although the urine was infected with Aerobacter aerogene8, P8eudomona8 aerugino8a, Proteus mirabil8 and a species of Enterococcus. The colloids from 23-4 1. of urine were processed as described above and placed on the DEAE-cellulose column as in previous runs. The chromatogram obtained is shown in Fig. 5 and some analytical results for the various fractions are shown in Table 5 . The chromatogram showed a distinctly different pattern from that seen in the normal urine or in pathological urine I, with much more material coming out in peak 1.
As in the previous two urines a high proportion of the non-dialysable calcium (32%) was associated with fractions 9, 10 and 11, which contained little ultraviolet-absorbing material.
Reactions against antisera to human-serum albumin and human-serum orosomucoid were positive for fractions 7 and 8 only. This urine contained a relatively larger amount of fraction 1 and a lower amount of fractions 7 and 8 than the previous two urines. As already mentioned, fractions 2-8 contained several antigens reacting with antibodies prepared to normal human serum.
Investigation of the urine-colloid fractions for calcium-binding ability In an effort to determine whether the total calcium-binding capacity in patients deviated from normal and might be related to the formation of stones, the ability of various urine-colloid Effluent fraction (number) Fig. 5 . Chromatogram of the colloids from a stone-free poliomyelitis urine obtained after fractionation on DEAEcellulose. Vol. 77 587 fractions to bind calcium was investigated. The colloids from 24 hr. urine specimens derived from normal subjects, and also from patients recovering from poliomyelitis (many of whom had formed stones), were used. Table 6 illustrates some typical results obtained for several colloid fractions: ChSO4 refers to the potassium salt of chondroitin sulphate isolated from nasal cartilage by the method of Einbinder & Schubert (1951) ; A5 was a glycoprotein-rich fraction isolated from norinal urine by the benzoic acid-adsorption method (Anderson & Maclagan, Table 6 . Calcium-binding ability of coUoids ChSO4 is the potassium salt of chondroitin sulphate isolated from bovine nasal cartilage by the method of Einbinder & Schubert (1951) . A5 is a glycoprotein-rich fraction isolated from normal urine by the benzoic acid method of . HSA is humanserum albumin. NUUC (normal) is the non-ultrafiltrable urine colloid isolated from normal urine by the present method. NUUC (path.) is the corresponding fraction isolated from the urine of a patient with bilateral calculi. ); HSA refers to human-serum albumin; NUTUC (normal) and (path.) refer to the nonultrafiltrable colloids isolated by the method here described from the urine of normal subjects and from the urine of a patient with bilateral calculi. The calcium-binding abilities of the normal colloids obtained from the DEAE-cellulose column (Fig. 1) are shown in Table 3 . Calcium-binding by the fractions from pathological urine I (Fig. 3) are contained in Table 4 .
From these data no relationship is evident between the extent of calcium-binding and content of sialic acid, fucose, hexosamine or the nondialysable calcium content of the chromatographic fractions from either urine sample. The normal colloid fractions 1-8 (Table 3) contained relatively low amounts of hexuronic acid and low calciumbinding abilities. Fractions 10-16, however, with higher contents of hexuronic acid, appeared to bind calcium somewhat more strongly. The fractions from the poliomyelitis urine (Table 4) showed less relationship between their hexuronic acid contents and their calcium-binding abilities. It is therefore clear that factors other than the content of uronic acid-containing mucopolysaccharides must be important in the binding of calcium.
The calcium-binding levels of the colloids in 24 hr. urine specimens from both normal subjects and patients recovering from poliomyelitis are shown in Fig. 6 . No correlation with the duration of the disease or with the daily urine-output volume was evident. values are in essential accord with partition noted !0 by Boyce et al. (1958) urine colloids into several heterogeneous fractions of quite different composition. About 38% of the colloid added to the column was recovered in the various effluents. The three chromatograms obtained by use of the tris-citrate buffer system that was devised (Table 2) can be divided into three distinct parts. Some components of the first eight fractions emerging appeared to contain aromatic amino acids, and on immunochemical evidence were in part derived from serum proteins. Howevei, the percentage of hexose, hexosamine and sialic acid were considerably higher than values for the total serum proteins.
The presence of serum proteins in urine has been demonstrated immunoelectrophoretically by Grant (1957 by Grant ( , 1959 and Patte, Baldassaire & Loret (1958) . Two of these components are serum albumin and orosomucoid, which were detected immunochemically in the normal fractions 6-8. In the normal urine fractions, reactions with anti-orosomucoid serum were feeble, indicating a low concentration of urinary orosomucoid and that orosomucoid is not a major glycoprotein of normal urine, although it has been found to be relatively abundant in urines from patients with nephrosis (Popenoe, 1955) . The urine-glycoprotein fraction prepared by adsorption on to benzoic acid ) is known to be heterogeneous, both on electrophoresis (Biserte, Tayeau, Montreuil, Holleman & Dautrevaux, 1956 ) and after fractionation on DEAE-cellulose (Kickhofen et al. 1958) . It is probable that some of the components of this fraction are of pre-renal origin. The electrophoretic properties at pH 8-6 of fractions 1-8 (Figs. 2 and 4) showed the general trend, observed with the serum proteins, toward higher mobilities in fractions coming off the column at lower pH. These fractions also stained strongly with protein-staining dyes.
The second section (fractions 9-11) contained little ultraviolet-absorbing material but considerable hexose, uronic acid, hexosamine and calcium. These fractions stained very feebly with proteinstaining dyes, and were either immobile on electrophoresis at pH 8-6 and 4-6 or had mobilities mainly in the a.-and ,-globulin range.
The Tamm & Horsfall (1950) is easily depolymerized into active sub-units (Porter & Tamm, 1955) or that there are several inhibitory substances in urine. At least two viral haemagglutin inhibitors with differing electrophoretic mobilities have been demonstrated in serum (Burnet, 1951; Tyrrell, 1954) , these being immunochemically distinct from the Tamm & Horsfall glycoprotein (Grant, 1957) .
There is at present little information about the binding of calcium by urine-colloid fractions. Calcium-binding by various serum proteins, however, has been investigated by many workers. It is generally considered that albumin binds the most calcium (Schmidt & Greenberg, 1935; Prasad & Flink, 1958) and some binding would appear to be related to the presence in serum of proteins of phospholipid (Drinker & Zinsser, 1943) .
In this investigation, the more acidic fractions isolated from normal urine (fractions 12-16, Table 3 ) were the strongest calcium-binders.
The urine colloids from poliomyelitis patients (Fig. 6 ) bound calcium more strongly than the colloids from a series of normal individuals, although there was no significant difference between the stone-free and stone-forming poliomyelitis urines.
It is unlikely that these poliomyelitis urines, except those exhibiting proteinuria, contain quantitatively more colloidal material than normal urines, since in previous studies (Maclagan & Anderson, 1958 a, b) no significant increase of the urine colloids above normal levels could be detected in a series of patients with renal calculi. It is more likely that a qualitative difference is present, there being an increased excretion of colloidal material in poliomyelitis with strong affinity for calcium.
This work has served to illustrate the wide distribution among the various urine fractions of considerable amounts of carbohydrate-containing colloids of which virtually nothing is known. The evidence presented here would suggest the presence of many glycoprotein entities, some of which, like orosomucoid, are derived from the blood, whereas others, like the glycoprotein isolated by Tamm & Horsfall (1950 , may originate from the urinary tract. The source of the mucopolysaccharides is unknown.
The results presented here suggest that the proteins in urine can be separated on the anionexchanger DEAE-cellulose. This method, however, does not appear as satisfactory for the separation Vol. 77 589 of mucopolysaccharides since it is probable that non-electrostatic forces are involved in their retention by the cellulose, most of the mucopolysaccharides being liberated only at very low pH values. Owing to the complexity and diversity of the colloids in urine it is unlikely that an ideal separation will be achieved by the use of any one method, and some combination of several techniques will be required in order to isolate colloids in a homogeneous state. SUMNARY 1. An ultrafiltration method for recovering the colloids from normnal human urine has been presented, and fractionation of these colloids has been carried out on the ion-exchanger DEAE-cellulose, a 2-amino-2-hydroxymethylpropane-1 :3-diol-citrate buffer system being used as the eluent, with a gradually descending pH from 9 0 to 1.5. The colloids in each fraction have been isolated by freeze-drying and analysed for hexose, hexosamine, sialic acid, fucose, hexuronic acid, nitrogen and calcium. Their electrophoretic properties at pH 8-6 and 4-6 have also been reported.
2. The ability of these colloid fractions to inhibit the haemagglutination caused by influenza virus has been determined, as has their ability to react with antibodies produced against humanserum albumin and orosomucoid.
3. Fractionation of the urine colloids from two extensively paralysed patients with poliomyelitis, one of whom was forming renal calculi, revealed qualitatively similar chromatographic patterns with certain quantitative differences.
4. The ability of the colloid fractions to bind calcium has been measured by an equilibriumdialysis technique. Calcium-binding by total nondialysable urine colloids was found to be significantly above normal in the urine of patients recovering from poliomyelitis. No difference could be detected, however, between the urines from patients who were forming renal calculi and those who were not.
